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THE  PROBLEM 


Construct  a shipboard  Sonar  Target  Converter  for  increasing 
the  capability  of  positive  control  of  aircraft  for  antisubmarine 
weapon  delivery  or  target  classification. 


RESULTS 


1.  A prototype  model  of  a Sonar  Target  Converter  was  con- 
structed by  the  Navy  Electronics  Laboratory.  The  equipment 
produces  a pip  on  the  PPI  display  of  the  ship's  surface  search 
radar  and  uses  the  normal  coordinate  system  of  the  display 
for  indicating  sonar  target  position.  The  ASW  helicopter  or 
fixed  wing  aircraft  being  tracked  on  the  radar  can  then  be 
vectored  to  the  target  by  observing  the  position  of  the  sonar 
target  relative  to  that  of  the  aircraft, 

2.  A Fleet  operational  evaluation  showed  that  the  Sonar 
Target  Converter  provides  an  effective  means  for  controlling 
aircraft  on  ASW  missions. 

3.  Using  the  Sonar  Target  Converter,  helicopters  can  be 
positioned  over  submerged  submarines  to  a range  of  12,  000 
yards  with  an  average  error  of  less  than  125  yards  by  even 
inexperienced  air  control  officers. 

4.  No  other  known  equipment  effectively  performs  the  above 
function, 

5.  This  equipment  should  be  adaptable  to  the  DASH  and 
LORELEI  programs. 


RECOMMENDATIONS 

1,  Accept  the  Sonar  Target  Converter  for  service  use. 

2.  Instruct  NEL  to  assist  in  the  preparation  of  specifications, 
if  procurement  of  the  equipment  is  planned. 
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ADMINISTRATIVE  INFORMATION 


The  Sonar  Target  Converter  prototype  was  constructed 
under  S-F007  05  01,  Task  6046  (NEL  Problem  5vl-l.'l)  for 
COMDESFLOT  THREE.  The  Acoustics  Divisii^  had  over- 
all responsibility  for  the  project,  and  the  Technical  Services 
Division  fabricated  the  electronic  and  mechanical  portions 
of  the  equipment. 

This  report  covers  work  from  March  1061  to  October  1061, 
and  was  approved  for  publication  6 February  1062. 
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INTRODUCTION 


The  U.  S.  Navy  has  not  had.  for  antisubmarine  weapon  del- 
ivery or  target  classification,  the  capability  of  positive 
control  of  helicopter  or  fixed  wing  aircraft  by  a ship  that 
is  tracking  a target  on  its  sonar.  The  Sonar  Target  Con- 
verter (STC)  was  developed  for  this  purpose.  The  concept  of 
this  equipment  was  originated  by  Lieutenant  D.  G.  Camp- 
bell, U.  S.  Navy,  presently  assigned  to  the  Staff  of  Com- 
mander Destroyer  Flotilla  THREE.  LT  Campbell  also 
constructed  an  experimental  model  and  conducted  tests 
aboard  USS  DEHAVEN  (DD  727)  together  with  a helicopter 
and  submarine.  The  results  of  these  tests  were  encour- 
aging  and  were  reported  by  DESDEVPAC.  ^ Commander 
Destroyer  Flotilla  THREE  requested  assistance  from  NEL 
in  the  production  of  a prototype.^  LT  Campbell's  device 
seemed  to  have  considerable  merit  and  was  certainly 
simpler  and  less  expensive  than  any  known  design  for 
accomplishment  of  its  intended  function.  Accordingly  NEL 
agreed  to  provide  the  requested  assistance,  ^ and  construc- 
ted a prototype  of  the  Sonar  Target  Converter.  The  NEL 
equipment  is  shown  in  figure  1,  and  a description  of  it  is 
given  later  in  this  report.  It  was  installed  aboard  USS 
SWENSON  (DD  729)  during  the  week  of  18  September  1961, 
and  tests  at  sea  were  conducted  during  the  week  of  2 5 
September  by  DESFLOT  THREE.  The  test  results  are 
contained  in  a report  by  COMDESDEVGRU  PACIFIC  which 
recommends  that  the  equipment  be  accepted  for  service 

use, 4 


^DesDevPac  Letter  Serial  3960,  3 February  1961,  Report  of 
Sonar  Target  Converter  Test.  CONFIDENTIAL,  3 February 

Hm 

2 Commander  Destroyer  Flotilla  THREE  Letter  CDF- 3: 34  hs 
3930  Serial  29  to  Navy  Electronics  Laboratory,  dated  12  Jan- 
uary 1961 

3Navy  Electronics  Laboratory  Letter  3900  Serial  2003-11  to 
Commander  Destroyer  Flotilla  THREE,  dated  9 March  1961 
4DesDevPac  Project  F/069  FY  61,  Report  on  Project  F069 
FY  61  Fleet  Operational  Investigation  of  the  Sonar  Target  Con- 
verter. CONFIDENTIAL,  21  October  1961 
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\ . l-'innil 
vi('w  of  the  Sonar 
I'ai-f’et  ('oinerter. 


The  Sonar  Target  Converter  performs  its  funetion  by  in- 
serting an  identifiable  pip  on  the  ship's  siirfaee  seareh 
I'adar  console  PPI  and  on  its  la-pc-ater  scopes  at  tlie  same 
range  and  bearing  as  the  submerged  targ'M  appeal's  on  tlu' 
shi|)'s  sonar.  A sketch  of  the  radar  dis|>lay  is  shown  as 
figure  2.  The  aircraft  then  flies  at  a suitalilc  neight  to 
appear  as  a target  on  the  radar  scopes.  This  allows  tlie 
air  control  officer  to  vector  the  aircraft  to  a point  abovo 
the  submerged  target.  Figure  2 is  a photograph  take  n 
from  the  helicopter  during  the  Setitember  tests  at  the  in- 
stant the  air  control  officer  on  the  destroyer  reported  via 
radio  that  the  aircraft  should  be  directly  over  the  target. 
With  the  helicopter  flying  at  a height  of  .'iOO  feet  the  camera 
[ihotographed  a square  of  the  ocean  7.‘i()  feet  on  a side-.  The 
submarine  periscope  and  its  associated  wake  can  clearly 
be  seen  in  the  center  of  the  photograph  indicating  that  the 
aircraft  was  almost  directly  over  the  target.  The  range 
between  the  destroyer  and  submarine  was  greater  than 
1 0,  000  yards. 
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OPERATIONAL  EVALUATION 
RESULTS 

The  equipment  [jerformed  effectively  throughout  the  Septem- 
ber tests  without  material  failure.  4 However,  three  deficien- 
cies were  noted: 

1.  It  arypeared  that  the  comparison  switch  should  be  re- 
designed to  prevent  failure  on  long  term  operation. 

2.  The  generated  target  pip,  on  the  radar  PPI  display, 
was  too  wide  for  ease  of  interpretation. 

;i.  The  I'adar  range  potentiometer  was  nonlinear  over 
the  range  from  700  to  2000  yards. 

Table  1 is  a summary  of  the  tests  as  reported  in  reference  4. 

Table  2 is  a summary  of  the  test  results  as  reported  in  ref- 
erence 4.  It  should  be  noted  that  no  photographs,  from  the 
helicopter,  were  obtained  on  the  first  2 8 runs  owing  to 
camera  difficulties  in  the  helicopter. 


TABLE  1.  SUMMARY  OF  TESTS. 


Tests 

Date 

No.  of  Runs 

Range  of  Runs  (kyd) 

Air  Controller 

1 

9/28 

10 

0.4  - 2.  0 

LTJG  Dimond* 

2 

9/28 

7 

2.0-  2.4 

LTJG  Sterkins* 

3 

9/2  8 

11 

1 . 5 - 2 . 2 

LTJG  Knowles 

_ 4_ 

9/29 

5 

5.  3 - 10.  4 

LTJG  Dimond* 

.S 

9/29 

3 

4.  1 - 4.4 

LT  Campbell* 

8 

9/29 

4 

11.6-  11.9 

LTJG  Knowles 

7 

9/29 

4 

11,1  - 11.4 

LTJG  Adams 

8 

9/29 

18 

11.1  - 11.5 

LTJG  Sterkins* 

^Denotes  experienced  air  controllers;  other  officers  had  no  previous 
experience  in  controlling  helicopters  on  ASW  operations. 
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TABLE  2.  SUMMARY  OF  RESULTS, 


Run 

No. 

Range 

(yd) 

Miss 
Distance 
Estimated  in 
Helicopter 
(yd) 

Miss 
Distance 
Estimated  in 
Submarine 
(yd) 

Miss 
Distance 
Shown  in 
Photographs 
(yd) 

Apfjroximate* 

Miss 

Distance 

(yd) 

1 

450 

0 

0 

— 

0 

2 

410 

0 

50 

— 

25 

3 

375 

0 

0 

— 

0 

4 

355 

30 

150 

— 

90 

5 

543 

20 

2 5 

— 

23 

6 

500 

30 

1 

50 

— 

40 

7 

640 

45 

25 

— 

35 

8 

1260 

20 

15 

— 

18 

9 

1710 

50 

30 

— 

40 

10 

2030 

50 

120 

— 

85 

11 

2395 

100 

200 

— 

150 

2140 

60 

150 

— 

105 

13 

2075 

200 

250 

— 

225 

14 

2055 

50 

125 

— 

88 

15 

2050 

70 

100 

— 

85 

16 

2055 

40 

90 

— 

65 

17 

2015 

40 

150 

— 

95 

18 

1725 

150 

500 

— 

325 

19 

1640 

55 

50 

— 

53 

20 

1600 

200 

300 

— 

250 

21 

1565 

30 

0 

— 

15 

^Average  of  miss  distances  estimated  in  helicopter  and  submarine. 
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TABLE  2.  (Continued) 


Range 

(yd) 

Miss 
Distance 
Estimated  in 
Helicopter 
(yd) 

Miss 
Distance 
Estimated  in 
Submarine 
(yd) 

Miss 
Distance 
Shown  in 
Photographs 
(yd) 

Approximate* 

Miss 

Distance 

(yd)  . 

1560 

0 

0 

— 

0 

1550 

0 

0 

— 

0 

1580 

50 

50 

— 

50 

1620 

20 

25 

— 

23 

1680 

30 

50 

— 

40  i 

2215 

0 

0 

— 

0 

2220 

75 

50 

— 

63 

5300 

70 

150 

125 

— 

4100 

70 

200 

— 

135 

4420 

20 

100 

90 

— 

4200 

100 

200 

— 

150 

4100 

30 

60 

68 

— 

4400 

60 

125 

100 

— 

9640 

30 

0 

60 

— 

10400 

0 

75 

27 

— 

11800 

50 

200 

90 

— 

11900 

10 

50 

80 

— 

11600 

30 

0 

100 

— 

11930 

50 

50 

— 

130 

11400 

500 

400 

— 

450 

11250 

50 

250 

— 

150 

L 
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TABLE  2.  (Continued). 
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KefertMife  4 also  states  that  "It  (STC)  is  simple  for  even  the 
untrained  controller  to  use  . . . Com|jaring  the  acc.uracy  of 
all  runs  at  ranges  less  than  5,  000  yards  with  those  at  greater 
than  10,  000  yards.  it  was  found  that  the  former  was  78  yards 
whereas  the  latter  was  124  yards  or  an  increase  roughly  [pro- 
portional to  the  increase  in  range. " 

.•\s  a [part  of  the  tests,  the  Sonar  Target  Converter  was  [pur- 
[posely  misaligned  to  determine  whether  or  not  a typical 
electronics  technician  could  carry  out  the  entire  alignment 
procedure.  Reference  4 states  that  "one  of  SWENSON's 
electronic  technicians  (ETR  8)  properly  realigned  the  equip- 
ment using  conventional  tools  within  a period  of  30  minutes. 
There  were  no  equipment  casualties  during  the  tests,  so 
the  ojpjportunity  for  re[pairs  did  not  arise.  But  in  the  opinion 
of  C(3,  SWENSON,  should  re[pair  be  necessary,  shiipboard 
electronic  technicians  and  highly  qualified  radarrnen  will 
be  able  to  rejpair  the  Sonar  Target  Converter.  " 


E< 


EQUIPMENT  MODIFICATION 


After  the  tests  the  equipment  was  returned  to  NEL  for  a 
short  [Period  of  time,  and  the  following  modifications  were 
made  to  correct  the  deficiencies  noted  in  the  evaluation: 


1.  The  comparison  switch  was  redesigned  to  be  more 
reliable,  and  a notched  cam  wheel  and  microswitch  were 
incorporated. 

2.  The  redesign  of  the  comparison  switch  provided 
decreased  width  of  the  generated  target  on  the  radar  PPI 
displays. 

3.  A potentiometer  of  adequate  linearity  was  installed 
in  the  pulse  delay  generator  servo.  It  had  been  recognized 
that  the  potentiometer  was  nonlinear  over  the  range  from 
700  to  2 000  yards  prior  to  the  tests,  but  vendors  could  not 
furnish  the  more  suitable  potentiometer  until  after  the 
tests. 


The  equipment  was  then  returned  to  DESFLOT  THREE. 
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EQUIPMENT  DESCRIPTION 


1 lu‘  SiiiKir  'I'arijL'l  (’onvcrii'r  is  ronlaincil  in  a caliincl  ;i() 
im  iu's  lu!',h.  JO  im  ln's  w iilL\  and  1 (i  inrlics  dfi-p.  It  wcii'.hs 
HO  poiiiuis. 

It  i-nmhiiu's  and  nlili/fs  four  ty|)cs  of  rNislinp;  sliip's  data: 


I.  UaLlai"  lu'arin!!;;  I\  anil  iUi\  inl'manation. 

J.  Snnai'  l)i'a rini;':  l\  and  H(i\  infornialion. 

H.  Snnar  I'ann'i':  1\  and  H(i\  inforinal ion. 

•I . liada  r I iMtiip'r  piilso. 


'riio  l•.•ln!p‘  and  hoarini;  s.N  iU'liro- nuM  hanira  1 rompoiUMils  of 
llir  as  writ  as  llu'  roiupa rison  svvilidi  and  radar  ranr.r 

poliait loim-ti'r  arr  roinliinrd  on  onr  rliassis.  sliown  in 
lir.iiro  1.  |)irrrlly  Ix'iu'alli  this  rlia.ssis  arr  inoiintrd  tlu- 
Ilirrr  nrrrssar.v  iiU'iiliral  srrvo  ainpl  ifir  rs  and  Ilir  I’anr.r 
driav  imlsr  .r,rnrrator.  sliown  in  riipirr  i>.  'I’lir  powrr 
.supply  rlia.s.si.s  i.s  inoiinlrd  al  llir  lioiloin  of  llii'  rahinrl  and 
IS  sliown  in  I'iaiirr  (i  whirl)  i.s  a pholor.i'aph  of  Ihr  rra  r of 
Ihr  nilirr  rqnipnirnt.  Six  rahlrs  (I'ii^.  ll)  arr  nrrrssary 
in  till'  installation  of  Ihr  SH'l'.  Thrs'  arr  as  follows; 


I.  I'aidit- rondiir lor  rahir  lo  sonar  raii!;'r  srrvo  anip- 
I ifir r. 

J.  I‘. i r.'hl - I'ond iir I oi'  rahir  lo  .sonar  hrarinr,  srrvo 
anipl  ifirr. 

H.  I'!i}.';hl- rondiirtor  rahir  lo  radar  hrariiii;'  srrx’o  amp 
I ifirr. 

•1.  C oaxial  rahli'  lor  radar  lrii;'r,i'r  pidsr  lii  input  of 
ranr.r  driav  piilsr  r.i'iirralor. 

Ti.  'Two- roiuhirlor  rahh'  for  I 17  \ olt  ar  poWrr. 

0.  I’o.'ixial  rahh'  for  oiilpiil  sir.nal  to  r.nlar  I’l’l  dis- 
plays. 


l'’ir,nrr  V is  a hlork  diar.rani  of  Ihr  npiipiiirnl. 
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I’ii^ure  4.  Mechanical  arrangement  oF  the  Sonar  Tai’get 
Converter.  .A;  f’ront  view. 
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Figure  4B, 
side  view. 
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Figure  4C. 
side  view. 
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Figure  5.  Center  section 
showing  the  pulse  generator 
and  synchro  amplifiers. 

A:  Top  view.  B:  Bottom 
view  (right). 
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F’igure  f!.  Hear  view  of  the  Sonar 
Target  Converter. 
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Figure  7.  Block 
diagram  of  the 
Sonar  Target 
Converter. 


THEORY  OF  OPERATION 


To  present  a generated  signal  representing  a sonar  target 
on  the  radar  PPI  displays,  the  existing  sonar  range  and 
bearing  information  must  be  converted.  Illustrations 
of  the  gearing  and  synchro  systems  are  shown  in  figures 
8 and  9. 

The  range  servo  system,  coupled  to  the  range  control  from 
the  sonar  console,  positions  a potentiometer  shaft  which  in 
turn  provides  a linear  variation  of  time  delay  in  the  range 
delay  pulse  generator.  The  pulse  generator  is  synchro- 
nized by  the  trigger  pulse  from  the  radar. 

The  bearing  servo  system  is  coupled  to  the  bearing  controls 
from  both  the  sonar  and  radar  consoles.  The  combined 
servo  repeated  outputs  position  a bearing  comparison 
switch  assembly  consisting  of  a cam  wheel,  slip  rings,  and 
microswitch.  The  cam  wheel  is  so  designed  as  to  provide 
a readily  distinguished  group  of  marks  on  the  radar  display, 
as  shown  in  figure  10.  The  sonar  servo  drives  the  cam 
wheel  and  the  radar  servo  drives  the  microswitch- slip 
ring  assembly. 


CONFIDENTIAL 


CM  WHEEL  SHAn  DRIVEN 


Figure  10.  Method  of  generating  sonar  target 
on  radar  PPI  display. 
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CIRCUIT  DESCRIPTION 


Figure  1 1 (a  foldout  at  end  of  report)  is  a schematic  diagram 
of  the  entire  electronic  circuit  of  the  Sonar  Target  Converter. 


sonar  range  pulse  generator 


The  sonar  range  pulse  generator  consists  of  a pulse  inver- 
ter amplifier,  phantastron,  blocking  oscillator,  cathode 
follower  and  voltage  regulator.  Circuit  operation  is  as 
follows.  Padar  trigger  pulses  are  amplified  and  inverted 
by  Vi  (6CB6),  differentiated,  and  coupled  to  the  phantastron 
pulse  delay  generator  Vg  and  V,  (5814,  5725).  The  amount 
is  determined  by  the  setting  of  the  voltage  control  poten- 
tiometer and  is  positioned  by  the  sonar  range  servo  unit. 
The  output  pulse  is  then  coupled  to  a blocking  oscillator 
V4  (5814)  where  a pulse  of  fixed  duration  and  amplitude  is 
generated  and  coupled  to  cathode  follower  Vp  (6CL6).  The 
negative  pulse  is  clipped  by  diode  Dj  at  the  input  to  the 
cathode  follower.  The  amplitude  of  the  output  pulse  is  set 
by  potentiometer  No.  4 to  a level  of  10  volts.  Two  output 
jacks  are  provided  for  connecting  to  ship  radar  PPI 
repeaters  and  to  the  radar- sonar  bearing  comparison  cir- 
cuit switch  assembly.  The  two  rotors  of  the  comparison 
switch  are  positioned  by  the  radar  and  sonar  bearing  servo 
units. 

Calibration  of  the  sonar  range  servo  unit  is  set  by  adjusting 
potentiometer  No.  1 to  110  microseconds  with  the  sonar 
dial  set  at  18,  000  yards.  Potentiometer  No.  2 is  set  to 
6.  1 microseconds  for  a 1000  yard  sonar  range  dial  setting. 
Should  adjustment  of  the  sonar  range  voltage  potentiometer 
be  required,  it  can  be  accomplished  by  unclamping  the 
three  screw  clamps  and  rotating  the  potentiometer  to  a 
minimum  voltage  reading  for  zero  sonar  range,  followed 
by  clamping  and  calibrating  as  above. 
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Voltage  regulator  Ve  (6005)  sets  the  phantastron  supply 
voltage  and  should  be  set  at  190  volts  at  the  cathode  of  Vs. 


servo  amplifiers 

The  three  servo  amplifiers,  radar  bearing,  sonar  bearing, 
and  sonar  range,  are  identical  electrically  and  are  inter- 
changeable. Figure  11  includes  a schematic  of  one  of  them. 
The  servo  amplifier  consists  of  three  stages.  A dual  triode 
cascaded  voltage  amplifier  (5814)  is  resistance- coupled  to 
a cathode  follower  power  amplifier  (6005)  and  cathode  loaded 
by  the  servo  motor's  armature.  The  cathode  current  is 
allowed  to  flow  through  the  armature  for  damping  of  the 
motor  circuitry.  A dual  diode  (5726)  at  the  input  to  the 
servo  amplifier  sets  the  maximum  signal  input  level  to  this 
stage.  The  attenuator  network  (resistors  lOK,  2.2K)  in  the 
grid  circuit  in  combination  with  cathode  feedback  and  the 
l.X  synchro  input  effect  amplification  of  signal  errors  larger 
than  2.5°.  Servo  error  signals  less  than  2.5°  are  amplified 
through  the  input  of  the  36 X synchro  error  voltage  in  the 
cathode  of  the  second  stage.  An  induction  generator  coupled 
to  the  motor  shaft  provides  velocity  modulation  for  minimum 
hunting  in  the  over- all  servo  system. 

If  the  direction  of  signal  follow-up  error  aboard  ship  is  in 
reverse  to  that  of  the  target  converter's  bearing  or  range 
dial,  this  can  be  corrected  by  reversing  the  IX  and  36X 
synchro's  S- 1 and  S- 3 leads  on  the  mechanical  assembly. 

Both  the  sonar  and  radar  bearings  (IX  and  36 X)  are  brought 
into  the  correct  ship's  bearing  on  the  dial  readings  by  loos- 
ening the  three  clamps  holding  the  synchro's  and  zeroing 
them  to  ship's  bearing. 

power  supply 

The  power  supply  is  of  the  standard  series- regulated  type. 
An  adjustment  is  provided  for  setting  the  output  voltage 
(300  volts)  in  the  event  of  change  through  replacement  of 
tubes.  Additional  low  voltages  are  obtained  through  a re- 
sistor divider  network  and  a silicon  rectifier  to  supply  the 
negative  low  voltages  required  of  the  servo  amrlifiers. 
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CONCLUSIONS 


As  a result  of  the  tests  made  on  the  Sonar  Target  Converter 
aboard  SWENSON,  the  authors  concur  in  the  following  con- 
clusions which  were  noted  in  reference  4: 

1.  The  Sonar  Target  Converter  accurately  reproduces 
sonar  target  coordinates  on  a radar  scope,  providing  an 
effective  means  for  controlling  helicopters  on  ASW  missions. 

2.  Using  the  STC,  helicopters  can  be  positioned  over  sub- 
merged submarines  with  an  average  error  of  less  than  125 
yards  to  a range  of  12,  000  yards, 

3.  Air  controllers  do  not  require  special  training  to  be 
able  to  use  the  STC. 

4.  Additional  channels  for  display  with  the  STC  are  not  re- 
quired. 

5.  Electronics  technicians  aboard  ship  can  align  and  main- 
tain the  STC. 

It  is  further  concluded  that: 

1.  The  NEL  constructed  prototype  of  the  STC  meets  or 
exceeds  the  specifications  as  outlined  in  reference  1. 

2.  The  equipment  will  increase  the  effectiveness  of  surface 
craft  and  aircraft  in  ASW  operations. 

3.  The  STC  should  be  adaptable  in  the  DASH  and  LORELEI 
programs. 

4.  No  other  equipment  apparently  satisfies  all  of  the  out- 
lined requirements, 

5.  In  production,  the  STC  could  be  significantly  decreased 
in  physical  size. 

6.  The  productivity  resulting  from  the  cooperative  effort 
related  to  the  development  and  test  of  the  Sonar  Target 
Converter  demonstrates  how  well  the  Laboratory  can  assist 
the  Fleet  in  the  expansion  and  adaptation  of  Fleet- conceived 
ideas. 
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RECOMMENDATIONS 


It  is  recommended  that: 

1.  The  Sonar  Target  Converter  be  accepted  for  service  use. 

2.  If  specifications  are  to  be  written  for  production  of  the 
STC  NEL  should  assist  in  their  preparation. 
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